The current status of basic research on the high temperature cuprate superconductors and prospects for technological applications of these materials is discussed. Recent developments concerning other novel superconductors are also briefly described.
Κ) [23, 24] and the fcc "buckeyball" compound Rb 3 C 60 (T c ≈ 29 K) [25, 26] . Other features are consistent with non-phonon-mediated pairing in the hole-doped cuprates. The curve of T c vs carrier concentration can be approximated by an inverted parabola with the maximum value of T c occurring at an optimal dopant concentration x o [27] . (Note that the terminology "under-doped" refers to values of x smaller than the "optimally-doped" value x o , whereas "over-doped" refers values of x larger than x o .) The isotope effect on T c for optimally-doped material is essentially zero (i.e., T c α M -α with α ≈ 0; M = ion mass) [28] .
Normal state properties
It was realized at the outset that the normal state properties of the high T c cuprate superconductors are unusual and appear to violate the Landau Fermi liquid paradigm [29] [30] [31] [32] . Some researchers share the view that in so far as the normal state properties reflect the electronic structure that underlies high T c superconductivity, it will be necessary to develop an understanding of the normal state before the superconducting state can be understood.
The anomalous normal state properties first identified in the high T c cuprate superconductors include the electrical resistivity and Hall effect. The electrical resistivity ρ ab (T) in the ab-plane of many of the hole-doped cuprate superconductors near optimal doping has a linear temperature dependence between T c and high temperatures ~1000 K, with an extrapolated residual resistivity ρ ab (0) that is very small; i.e., ρ ab (T) ≈ ρ ab (0) + cT, with ρ ab (0) ≈ 0 and the value of c similar within different classes of cuprate materials [33] .
The Hall coefficient R H is inversely proportional to T and the cotangent of the Hall angle θ H = R H /ρ varies as T 2 ; i.e., cot(θ H ) ≡ σ xx /σ xy = AT 2 + B [34] . The linear T-dependence of ρ(Τ) and the quadratic T-dependence of cot(θ H ) have been attributed to longitudinal and transverse scattering rates τ l -1 and τ t -1 that vary as T and T 2 , respectively [35] . In the RVB model, the constant and T 2 terms in τ t -1 and, in turn, cot(θ H ), are ascribed to scattering of spinons by magnetic impurities and other spinons, respectively. Examples of the linear Tdependence of ρ(T), inverse T-dependence of R H , and quadratic T-dependence of cot(θ H ) near optimal doping (x ≈ 0) can be found in Figs. 4 primarily due to the decrease in the number of mobile holes with increasing Pr concentration, although magnetic pair breaking by Pr may also be involved [37, 38] . In contrast, both ρ ab (T) and ρ c (T) of the optimally-doped electron-doped cuprate Sm 1.83 Ce 0.17 CuO 4-y vary as T 2 , indicative of three dimensional Fermi liquid behavior [39] .
The evolution of the normal ground state of the cuprates as a function of dopant concentration is particularly interesting. This is reflected in the temperature dependences of the ab-plane and c-axis electrical resistivities ρ ab (T) and ρ c (T) [40] . Both ρ ab (T) and ρ c (T) exhibit insulating behavior (i.e., dρ/dΤ < 0) in the under-doped region, ρ ab (T) is metallic (i.e., dρ/dT > 0) and ρ c (T) is insulating or metallic in the optimally-doped region, depending on the system, and ρ ab (T) and ρ c (T) are both metallic in the over-doped region.
The linear T-dependence of ρ ab (T) and the insulating behavior of ρ c (T) suggest two dimensional non Fermi liquid behavior near the optimally-doped region, whereas the metallic ρ(Τ) α T n with n > 1 reflects a tendency towards three dimensional Fermi liquid behavior in the over-doped region. Recent measurements in 61-tesla pulsed magnetic fields to quench the superconductivity have been particularly useful in elucidating the evolution of ρ ab (T) and ρ c (T) with dopant concentration in the La 2-x Sr x CuO 4 system [41] . Both ρ ab (T) and ρ c (T) were found to exhibit -ln T divergences in the under-doped region, indicative of a three dimensional non Fermi liquid [42] . As an example of the evolution of ρ ab (T) and ρ c (T) with doping, we again refer to the Y 1-x Pr x Ba 2 Cu 3 O 7-δ system. Shown in Fig. 6 are ρ ab (T) and ρ c (T) data for Y 1-x Pr x Ba 2 Cu 3 O 7-δ single crystals in the range of Pr concentrations 0 ≤ x ≤ 0.55 [43] . The following features in the ρ ab (T) and ρ c (T) data in Fig. 6 (b) can be described with a phenomenological model [43] which assumes that the c-axis conductivity takes place via incoherent elastic tunneling between CuO 2 bilayers and CuO chain layers with a gap in the energy spectrum of the CuO chains (solid lines in Fig. 6(b) ).
Perhaps the most remarkable aspect of the normal state is the pseudogap in the charge and spin excitation spectra of under-doped cuprates [44, 45] . The pseudogap has been inferred from features in various transport, magnetic, and thermal measurements including ρ ab (T) [46, 47, 48] , R H (T) [49] , thermoelectric power S(T) [50] , NMR Knight shift K(T) [51] , NMR spin-lattice relaxation rate 1/T 1 (T) [52, 53, 54] , magnetic susceptibility χ(T) [49] , neutron scattering [55] , and specific heat C(T) [56] , as well as spectroscopic measurements such as infrared absorption [57, 58, 59] and angle resolved photoemission spectroscopy ARPES [60, 61] . An example of the features in ρ ab (T) that are associated with the pseudogap can be seen in the ρ ab (T) data displayed in Figs A number of models and notions have been proposed to explain the part of the phase diagram delineated by the curves of T* and T c vs x (e.g., [62] [63] [64] [65] [66] [67] ). Generally, these models involve the local pairing of electrons (or holes) at the temperature T* leading to a suppression of the low lying charge and spin excitations and the formation of the normal 
Symmetry of the superconducting order parameter
During the last several years, a great deal of effort has been expended to determine the symmetry of the superconducting order parameter of the high T c cuprate superconductors [68, 69] . The pairing symmetry provides clues to the identity of the superconducting pairing mechanism which is essential for the development of the theory of high temperature superconductivity in the cuprates.
Shortly after the discovery of high T c superconductivity in the cuprates, it was established from flux quantization, Andreev reflection, Josephson effect, and NMR Knight-shift measurements, that the superconductivity involves electrons that are paired in singlet spin states [70] . Possible orbital pairing states include s-wave, extended s-wave, and d-wave states. In the s-wave state, the energy gap ∆(k) is isotropic; i.e., ∆(k) is constant over the Fermi surface. This leads to "activated" behavior of the physical properties in the superconducting state for T << ∆; e.g., the specific heat C e (T), ultrasonic A number of different types of measurements have been performed on the high T c cuprate superconductors which are sensitive to |∆(k)|. These include microwave penetration depth λ(T) [71] , microwave surface conductivity [72] , NMR relaxation rate 1/T 1 (T) [73] , magnetic field dependence of the electronic specific heat C e (T) [74] , thermal conductivity [75] , ARPES [76] , quasiparticle tunneling [77, 78] , and Raman scattering An experiment that provides evidence for a multicomponent superconducting order parameter in YBCO was recently reported by Srikanth et al [98] . Microwave measurements on YBCO single crystals prepared in BaZrO 3 (BZO) crucibles [99] yielded new features in the temperature dependence of the microwave surface resistance and penetration depth in the temperature range 0.6 ≤ T/T c ≤ 1 which the authors suggest constitute evidence for a multicomponent superconducting order parameter. These features were not observed in microwave measurements on YBCO single crystals prepared with yttria stabilized zirconia (YSZ) crucibles, suggesting that YBCO single crystals prepared in BZO crucibles are of higher quality than those prepared in YSZ crucibles [99] .
Technological Applications of Superconductivity
Technological applications of superconductivity can be divided into two major areas: The high T c YBCO coated tapes have been shown to be extremely flexible and to retain the high current carrying capacity, so that they appear to be suitable for wound magnet and coil applications. A significant challenge that remains is the development of efficient, continuous commercially viable processes for fabricating long lengths of these high current carrying in-plane aligned YBCO coated conductors with uniform properties.
Other superconducting materials
Although the high T c cuprates have been the focus of research on superconducting materials during the past decade, a number of other noteworthy novel superconducting materials have been discovered during this period. A few examples are briefly described below.
Rare earth transition metal borocarbides
Superconductivity was discovered in a series of compounds with the formula RNi 2 B 2 C with a maximum T c of 16.5 K for R = Lu [101, 102] . These materials have attracted a great deal of interest because they display both superconductivity and magnetic order and effects associated with the interplay of these two phenomena, similar to the RRh 4 B 4 and RMo 6 X 8 (X = S, Se) ternary superconductors that were studied extensively during the '70's and early '80's [103] . Investigations of superconducting and magnetic order and their interplay have been greatly facilitated by the availability of large single crystals of these materials [104] . Recently, values of T c that rival the T c = 23 K value of the intermetallic compound Nb 3 Ge, the high T c record holder for an intermetallic compound, have been found in mixed phase materials of the composition YPd 5 B 3 C (T c = 23 K) [105] and ThPd 3 B 3 C (T c = 21 K, H c2 (0) ≈ 17 T) [106] .
Sr 2 RuO 4
The superconducting compound Sr 2 RuO 4 has the same structure as the La 2-x M x CuO 4 (M = Ba, Sr, Ca; Na) high T c cuprate superconductors [107] . exhibit p-wave superconductivity [108] .
Alkali-metal doped C 60
Exploration of the physical properties of materials based on the molecule C 60 revealed superconductivity with relatively high values of T c in metal-doped C 60 compounds [109] .
For example, the fcc compounds K 3 C 60 and Rb 3 C 60 have T c 's of 18 K and 29 K, respectively [25, 26] .
LiV 2 O 4
The metallic transition metal oxide LiV 2 O 4 , which has the fcc normal-spinel structure, has been found to exhibit a crossover with decreasing temperature from localized moment to heavy Fermi liquid behavior [110] , similar to that which has been observed in strongly correlated f-electron materials [111] . At 1 K, the electronic specific heat coefficient γ ≈ 0.42 J/mol K 2 , is exceptionally large for a transition metal compound. No superconducting or magnetic order was detected in this compound to temperatures as low as ~0.01 K. This behavior can be contrasted with that of the isostructural compound LiTi 2 O 4 which displays nearly T-independent Pauli paramagnetism and superconductivity with T c = 13.7 K [112] .
Quantum Spin Ladder materials
Quantum spin ladder materials have attracted much recent interest [113, 114] . (b) Examples of the abbreviated designations (nicknames) used to denote cuprate materials. T'-phase) parent compounds. From Reference [19] . From Reference [60] . 
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